Introduction {#Sec1}
============

Ultra-long-acting insulin degludec (IDeg) is a recent therapeutic option for patients with diabetes requiring treatment with basal insulin \[[@CR1]\]. IDeg has been extensively tested in the BEGIN^®^ studies, a comprehensive research program involving a wide range of patients with diabetes \[[@CR2]--[@CR6]\]. These trials consistently showed that IDeg reduced glycated hemoglobin (HbA1c, primary outcome) by over 1% similarly to glargine; furthermore, a lower risk of hypoglycemia, especially nocturnal episodes, was documented. The lower day-to-day variability of IDeg is responsible for the more predictable effect and the more favorable safety profile of IDeg vs. glargine \[[@CR7], [@CR8]\]. These findings suggest that IDeg represents an advance in diabetes therapy owing to the positive impact on hypoglycemia and fear of hypoglycemia, recognized as main barriers to the achievement of glucose targets and patient quality of life \[[@CR9], [@CR10]\].

Furthermore, additional benefits on fasting plasma glucose (FPG) were obtained with IDeg vs. glargine in insulin-naïve adults with type 2 diabetes (T2DM) \[[@CR3], [@CR4], [@CR11]\], while comparable decreases in FPG were obtained in patients treated with basal-bolus regimens \[[@CR2]\].

Finally, weight gain was an issue in these trials, since it represents another key barrier in patients treated with insulin \[[@CR12]\]. As expected, a small increase in weight gain (ranging from 2 to 4 kg) was found both in insulin-naïve and in basal-bolus patients during the follow-up, without statistically significant differences between IDeg and glargine \[[@CR2]--[@CR4]\].

In addition to experimental studies, real-world data are strongly required to obtain an overall picture of the effectiveness and safety of any new drug when used under routine clinical practice conditions \[[@CR13], [@CR14]\]. Therefore, it is important to assess the impact of IDeg on metabolic control, hypoglycemia, and body weight when adopted in real-world populations. However, real-world data on the impact of IDeg are still rare at the moment.

The overall aim of the study was to evaluate patterns of use and the long-term effectiveness and safety of IDeg in routine clinical practice. The primary objective of the study was to evaluate whether the reduction in HbA1c observed in clinical trials could be attained in patients with T2D routinely managed in outpatient clinics. Secondary objectives included evaluation of the attainment of beneficial effects on blood glucose levels and variability, body weight, and hypoglycemia under the same conditions.

Methods {#Sec2}
=======

This was an observational, retrospective cohort study based on T2DM patients consecutively attending three diabetes outpatient clinics in Italy.

Two different cohorts were identified: the switch group consisted of patients already treated with another basal insulin before initiating IDeg; the add-on group consisted of basal insulin-naïve patients.

To minimize the selection bias, all consecutive patients who had started the treatment with IDeg (insulin-naïve subjects or switched to IDeg from another basal insulin) under routine clinical practice conditions were included in the study.

Baseline (i.e., IDeg start date, T0) patient characteristics included age, sex, body mass index (BMI), diabetes duration, glucose-lowering treatment, and diabetes-related complications. Chronic kidney disease was defined as an estimated glomerular filtration rate below 60 ml/min (CKD-EPI formula).

Data on glycated hemoglobin (HbA1c), fasting blood glucose (FBG), post-prandial glucose (PPG), standard deviation of mean blood glucose (glycemic variability), body weight, doses of basal and short-acting insulin, and overall, nocturnal, and severe hypoglycemia episodes was collected at baseline visit and during the two subsequent follow-up visits, scheduled according to the routine clinical practice (T1 and T2).

HbA1c levels were measured in the hospital laboratories, all adopting standardized methods (DCCT-aligned HbA1c method).

Data was acquired from electronic medical records.

Downloaded blood glucose data from glucose meters routinely used by the patients providing data on FBG, PPG, glycemic variability, and hypoglycemia included all the values recorded during the last 3 months before each visit. Overall hypoglycemia was defined as all blood glucose values less than 70 mg/dl, severe hypoglycemia as a hypoglycemia episode requiring assistance by a third person. Nocturnal hypoglycemia was defined as blood glucose value less than 70 mg/dl recorded between midnight and 7.00 a.m.

The study protocol was approved by local ethics committees and all patients signed the informed consent. All procedures followed were in accordance with the ethical standards of the responsible committee on human experimentation (institutional and national) and with the Helsinki Declaration of 1964, as revised in 2013.

Statistical Analysis {#Sec3}
--------------------

All data was stratified by treatment type (switch group; add-on group).

Descriptive data was expressed as mean ± standard deviation (SD) for continuous variables, and percentage for categorical variables.

Longitudinal linear models for repeated measures were applied to assess trends over time in continuous endpoints (HbA1c, FBG, PPG, glycemic variability, weight, insulin dose). All longitudinal models take into consideration three time points, i.e., T0, T1, and T2. Only for insulin doses, an additional time point was considered (T − 1, corresponding to the last prescribed dose of the previous basal insulin before the initiation of IDeg). For all longitudinal models, an unstructured correlation type was used to account for within-patient correlation over time and unequal follow-up. Results were expressed as estimated mean and estimated mean change from baseline with their 95% confidence intervals (CIs), and *p* values less than 0.05 were considered statistically significant.

Proportions of patients with at least one hypoglycemic episode were assessed at three time points, i.e., during 3 months before IDeg start date (T0), during 3 months before the first follow-up visit (T1), and during 3 months before the second follow-up visit (T2).

All statistical analyses were performed with SAS software release 9.4 (SAS Institute, Cary, NC, USA).

Results {#Sec4}
=======

Data on 247 patients with T2DM who started the treatment with IDeg between November 2014 and November 2015 was analyzed. The first follow-up visit (T1) was performed after (median and interquartile range) 4.6 (3.4--6.1) months from baseline (T0), while the second follow-up visit (T2) was performed after 9.7 (8.0--11.9) months from T0.

Information on data completeness at each visit is in Table S1.

Overall, 55 patients started IDeg as basal insulin-naïve patients and 192 patients switched to IDeg from another basal insulin. Baseline characteristics overall and by treatment modality are reported in Table [1](#Tab1){ref-type="table"}. The mean age was 67.0 ± 10.9 years, men represented 50.6% of the sample, and mean diabetes duration was 16.3 ± 8.9 years. At baseline, mean BMI was 31.1 ± 6.1 kg/m^2^, chronic kidney disease was present in 22.7% of the cases, whereas 25.5% of patients had a history of cardiovascular events. Patients in the switch and add-on groups differed in terms of diabetes duration (17.7 ± 8.8 vs. 11.1 ± 7.4 years; *p* \< 0.0001) and concomitant glucose-lowering treatments, especially short-acting insulin (81.3% vs. 10.9%; *p* \< 0.0001) (Table [1](#Tab1){ref-type="table"}). In the add-on group: 83.6% self-administered 1 insulin injection/day, 5.5% self-administered 3 insulin injections/day, and 10.9% self-administered 4 insulin injections/day. In the switch group, 19.3, 1.6, 8.3, and 70.8% self-administered 1, 2, 3, and 4 insulin injections/day, respectively.Table 1Baseline patient characteristicsVariablesOverallAdd-onSwitch*p* value\*No. group24755192Age (years)67.0 ± 10.967.1 ± 11.366.9 ± 10.90.94Sex (%) Male50.643.652.60.24 Female49.456.447.4Diabetes duration (years)16.3 ± 8.911.1 ± 7.417.7 ± 8.8**\< 0.0001**BMI (kg/m^2^)31.1 ± 6.129.6 ± 5.331.5 ± 6.30.11Chronic kidney disease (%)22.720.023.40.59Previous CV event (%)25.520.027.10.29Previous treatment with basal insulin other than degludec (%)77.70100--Other glucose-lowering treatments Metformin26.148.124.0**0.0007** Sulfonylurea16.832.712.5**0.0006** Pioglitazone2.53.82.10.47 Incretin mimetics11.930.86.8**\< 0.0001** Sodium/glucose cotransporter 20.400.50.60 Short-acting insulin65.610.981.3**\< 0.0001**Data are mean and standard deviation or proportions\*Statistically significant differences (*p* \< 0.05) are in bold text

In the add-on group, relevant improvements were found in HbA1c (-- 1.68%; *p *\< 0.0001), FBG (-- 64.7 mg/dL; *p *\< 0.0001), and PPG (-- 81.1 mg/dl; *p *\< 0.0001). In the switch group, improvements were found in HbA1c (-- 0.57%; *p *\< 0.0001), FBG (-- 28.1 mg/dL; *p *\< 0.0001), and PPG (− 22.6 mg/dl; *p *= 0.001). A not statistically significant decrease in glycemic variability was found (− 3.7 mg/dl; *p *= 0.06). Average body weight increase during the follow-up (+ 1.41 kg in the add-on group and + 0.52 kg in the switch group) was not statistically significant vs. baseline (Table [2](#Tab2){ref-type="table"} and Fig. S1).Table 2Trends over time in continuous endpoints: results of hierarchical linear modelsOutcomeAdd-onSwitchTime pointEstimated mean values (95% CI)Estimated mean change from baseline (95% CI)*p* valueEstimated mean values (95% CI)Estimated mean change from baseline (95% CI)*p* valueHbA1c (%)T09.09 (8.66; 9.52)--8.62 (8.42; 8.82)--T17.78 (7.37; 8.19)− 1.31 (− 1.77; − 0.85)**\< 0.0001**8.00 (7.83; 8.17)− 0.62 (− 0.79; − 0.45)**\< 0.0001**T27.41 (6.80; 8.02)− 1.68 (− 2.33; − 1.03)**\< 0.0001**8.06 (7.84; 8.28)− 0.57 (− 0.78;− 0.36)**\< 0.0001**Fasting blood glucose (mg/dl)T0207.94 (190.58; 225.30)--189.48 (181.76; 197.20)--T1143.41 (129.59; 157.23)− 64.53 (− 81.62; − 47.44)**\< 0.0001**163.17 (156.39; 169.95)− 26.31 (− 34.37; − 18.25)**\< 0.0001**T2143.26 (127.17; 159.35)− 64.67 (-87.88; − 41.46)**\< 0.0001**161.42 (152.10; 170.74)− 28.07 (− 38.64; − 17.50)**\< 0.0001**Post-prandial glucose (mg/dl)T0233.03 (205.31; 260.75)--202.55 (191.65; 213.45)--T1178.78 (161.62; 195.94)− 54.25 (− 81.30; − 27.20)**0.0008**174.85 (166.25; 183.45)− 27.70 (− 37.77; − 17.63)**\< 0.0001**T2151.91 (133.38; 170.44)− 81.12 (− 109.67; − 52.57)**\< 0.0001**180.00 (168.52; 191.48)− 22.55 (− 35.58; − 9.52)**0.001**Standard deviation of mean blood glucoseT054.32 (43.55; 65.09)--58.16 (53.77; 62.55)--T142.69 (34.53; 50.85)− 11.63 (− 24.43; 1.17)0.0952.40 (48.41; 56.39)− 5.75 (-8.69; − 2.81)**0.0002**T242.71 (37.02; 48.40)− 11.61 (− 21.93; − 1.29)**0.04**54.47 (50.09; 58.85)− 3.69 (− 7.52; 0.14)0.06Weight (kg)T080.38 (75.92; 84.84)--84.73 (82.09; 87.37)--T180.49 (75.99; 84.99)0.11 (− 0.84; 1.06)0.8284.99 (82.35; 87.63)0.25 (− 0.45; 0.95)0.49T281.79 (77.06; 86.52)1.41 (− 0.33; 3.15)0.1285.25 (82.50; 88.00)0.52 (− 0.42; 1.46)0.28\*Statistically significant (*p* \< 0.05) changes vs. baseline (T0) values are in bold text

Changes in IDeg and short-acting insulin doses at each visit were assessed (Fig. [1](#Fig1){ref-type="fig"}). In the switch group, the dose of the previous basal insulin was also tested in the model (Fig. [1](#Fig1){ref-type="fig"}). At T − 1, 45.3% of the patients in the switch group were treated with detemir once daily, 5.7% with detemir twice daily, 43.8% with glargine once daily, 3.6% with glargine twice daily, and 1.6% with neutral protamine Hagedorn insulin. In the switch group, a reduction in HbA1c levels was obtained despite the total insulin dose being almost unmodified, with a slight increase in the dose of basal insulin and a slight decrease in short-acting insulin dose. In the add-on group, the dose of basal insulin was progressively titrated from T0 to T2, reaching an average dose of 20.6 IU at T2. At the end of the study (T2), the mean dose of IDeg was 0.24 IU/kg in the add-on group and 0.33 IU/kg in the switch group.Fig. 1Changes in basal and short-acting insulin dose (IU) during the study

As for hypoglycemic episodes, in the switch group, overall, nocturnal, and severe hypoglycemia became less frequent after IDeg initiation vs. previous basal insulin and no severe episode occurred after IDeg initiation (Fig. [2](#Fig2){ref-type="fig"}). In the add-on group, small proportions of patients experienced overall hypoglycemia during the study, while no severe and nocturnal episodes occurred (Fig. [2](#Fig2){ref-type="fig"}).Fig. 2Hypoglycemia: proportion of patients with at least one episode during 3 months before each study visit

Discussion {#Sec5}
==========

Our study shows the impact of initiating IDeg insulin therapy in the real world, outside the rigid schemes of randomized clinical trials. The decision to start IDeg as an add-on to the current therapy or as a substitute for another basal insulin therapy was taken by the diabetologists on clinical grounds, i.e., because of poor metabolic control or high risk of hypoglycemia.

Consistent with the BEGIN studies on T2DM \[[@CR2]--[@CR6]\], our study confirms that IDeg provides statistically significant and clinically meaningful improvements in HbA1c. In the BEGIN studies, HbA1c was improved by 1.1--1.3% in insulin-naïve and in basal-bolus patients. In our study, on the basis of routine data, HbA1c was reduced by 1.61% in the add-on group and 0.52% in the switch group. Among the latter, 60% used basal insulin in association with short-acting insulin, while in the BEGIN study \[[@CR6]\] all switching patients were on basal-bolus regimens. It is important to underline that in the switch group the positive effects on metabolic control were obtained despite the total insulin dose being almost unmodified, thus suggesting that the benefits should be attributed to IDeg per se, rather than to an optimization of insulin doses.

In our study, FBG, PPG, glycemic variability, and frequency of hypoglycemia also improved from baseline to the end of the follow-up both in add-on and switch groups.

Interestingly, in our real-world cohort, a lower increase in body weight was found in comparison with the BEGIN studies in both subgroups, probably as a result of the need for lower doses of IDeg in our study (0.2--0.3 IU/kg) as compared to those utilized in the BEGIN trials (about 0.5--0.6 IU/kg). Presumably, the lower doses were justified by lower BMI of this population and by the treat-to-target design of the BEGIN studies.

Our data may also be compared with findings from other observational studies. In a European multicenter, retrospective chart review study on 822 cases with T2DM (22.4% on basal insulin-only regimens and 74.5% on basal--bolus regimens) after 12 months from IDeg start, HbA1c decreased by 5.7 mmol/mol (*p* \< 0.001), FBG decreased by 1.47 mmol/L (*p* \< 0.001), rates of overall and nocturnal non-severe hypoglycemia were 60% and 90% lower than in the previous period, and no weight change occurred \[[@CR15]\]. Data from the DPV registry on 61 T2DM patients showed that IDeg was associated with a decrease in HbA1c from 7.9% to 7.1%, without change in BMI and insulin doses after 3--15 months \[[@CR16]\]. In a Japanese study on 135 cases with T2DM, HbA1c decreased by 0.3% after 12 months from the switch to IDeg from another basal insulin, without significant change in body weight and with a reduction in the frequency of nocturnal hypoglycemic episodes \[[@CR17]\]. In a study conducted in Israel and involving 211 patients with T2DM, switching from another insulin to IDeg significantly improved glycemic control without significant weight gain and with only a modest increase in insulin dose after IDeg initiation \[[@CR18]\]. Recently, a comparative effectiveness analysis of IDeg vs. glargine 300 (DELIVER D+ cohort study) showed that mean HbA1c reductions among patients were similar in the two cohorts, consistent with our results \[[@CR19]\]. Finally, the safety of IDeg was documented in a study on hospitalized, mainly elderly patients \[[@CR20]\].

As a major strength, our study provides an overall picture on effectiveness and safety of IDeg in two clinically different populations, i.e., insulin-naïve and switching patients. Other strengths are the multicenter nature of the study, the sample size, the duration of the follow-up compared to the available observational studies, the quality of data despite their routine care nature, and the comprehensive set of endpoints. Among the limitations, the lack of a comparator arm should be mentioned. Furthermore, possible modifications in type or doses of the concomitant glucose-lowering treatments may represent confounders; however, investigators reported no major modifications in the concomitant treatments during the follow-up. Some of the analyses focusing on the add-on group could be limited by the small sample size, precluding the possibility of showing statistically significant differences. No information about the type of short-acting and previous basal insulin formulations was collected. Participants probably performed a different number of blood glucose measurements according to the different glucose-lowering drugs they took; this could give heterogeneous estimates because some patients could have a very low, or conversely a very high, number of measurements.

Conclusions {#Sec6}
===========

This real-world study demonstrated that initiating IDeg or switching patients with T2DM to IDeg from other basal insulins significantly improves glycemic control, reduces glycemic variability, and decreases the risk of hypoglycemia, without significant weight gain.
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